Waste plastics at the sea has emerged as one of the most difficult-to-resolve global waste and resource management challenges of our times. Human ingenuity granted us with plastics: a stunningly versatile family of materials, which have been rapidly transforming our everyday lives by introducing unprecedented functionality over the last 60 years. The global plastics production, mainly petroleum-based, was at 280 million metric tonnes (Mt) in 2012, with a worldwide average annual growth of around 3.5% wt. between 2002 and 2011, according to PlasticsEurope. Part of the functionality of plastics is their low (bio)degradability in an variety of environments: we do need products that maintain their integrity and form throughout their useful life. Another main attribute of their functionality is their low density: making objects lighter has multiple benefits. But, it is precisely these two main features that enable the accumulation of uncollected used plastics floating in our seas and washing up on our shores.
Global challenge -global awareness?
On a global coordination level, the United Nations Environment Programme (UNEP) (http://www.unep.org/ regionalseas/marinelitter/about/default.asp) has recognised the importance of fugitive plastics in the sea and has been addressing it systematically since the UN General Assembly Resolution A/60/L.22, issued in 2005. According to UNEP, marine litter can be described as '[…] any persistent, manufactured or processed solid material discarded, disposed of or abandoned in the marine and coastal environment. Marine litter consists of items that have been made or used by people and deliberately discarded into the sea or rivers or on beaches; brought indirectly to the sea with rivers, sewage, storm water or winds; or accidentally lost, including material lost at sea in bad weather'. Since then, clear progress has been made. For example, regarding marine sources of litter from cruise ships and freighters through the enforcement of the MARPOL Annex V (Garbage); the evidence is vividly summarised in a Waste Management & Research editorial (28(11) : 959-960) by William Townend in 2010.
A higher level of recognition of the global and massive magnitude of the problem was achieved during Rio+20, the UN Conference on Sustainable Development in 2012. In Europe, current efforts for solutions revolve around the EC Marine Strategy Framework Directive (MSFD), adopted in June 2008, establishing European Marine Regions, and requiring each member state to develop national strategies/action plans towards achieving a 'good environmental status of the EU's marine waters by 2020.'
Evidence of harm?
Used plastics are not the only material in the marine litter, but there is consensus that it is the most visible because most of it floats, is abundant and potentially harmful. A considerable amount of scientific effort over the last decade focused on attempting to document the multiple aspects of potential harm caused to marine fauna and its habitat. Key issues relate to (i) entanglement: for example sea turtles entangled in abandoned fishing nets; and (ii) ingestion: for instance, pelagic seabirds such as fulmars ingesting plastics, confusing it with food. Ingestion of plastics could result in a series of problems: from physical harm, to bioaccumulation of organic chemical compounds used as additives to the plastic polymers, known to function as endocrine disruptors such as phthalates, bisphenol A (BPA) and polybrominated diphenyl ethers (PBDEs). Evidence has also been accumulated on the absorption of hydrophobic chemical polluting compounds present in the water (persistent organics pollutants (POPs)), such as polychlorinated biphenyls (PCBs) into the plastics within the sea. Ingestion of plastics with accumulated absorbed POPs may result in increased bioaccumulation in fish, in comparison to pure plastics, recent studies suggest.
Increased consideration is given to microplastics, defined as plastics under a certain particle size: these may stem from fragmentation of bigger plastic items or may originate from additives in widely used cosmetics, such as face scrubbers. The sequence of absorption, ingestion and potential bioaccumulation in marine living organisms may pose risks for the human health as well via the food chain; a scenario which, however, requires further exploration and evidence. The list of potential damage of marine plastic litter to the natural and human-made systems includes: migration of invasive species travelling attached to plastics; harm to reef corals and benthic communities at the seabed; and formation of nano-/micro-colloids. Some of these hazards result in direct financial cost: from costly clean-up efforts for beaches of high aesthetical recreational value, to revenue losses from decreased tourism.
Scientific uncertainty
In spite of the accumulating evidence on impacts of marine plastic litter, there are more questions than answers available; and they are critical in order to decide how we should intervene and prioritise action. To mention but a few examples here: the overall Plastic waste in marine litter: Action now and at the source 528432WM R0010.1177/0734242X14528432Waste Management and ResearchEditorial
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Editorial magnitude of the marine litter entering the sea is unknown. A recent document features the estimate that around 10% of the current yearly production of plastics enters into the sea, which was elsewhere quantified at around 18.15 Mt (20 million tons in the original) -but there is no clear evidence that this number is reliable. To put in perspective, this is an enormous quantity, which is hard to believe: well above of the mass of recycled plastic traded globally each year, estimated currently just over 15 Mt (transnational trade). Of vital importance are the sources and routes via which the used plastics reach the sea. It is often quoted that 80% wt. of marine litter comes from land-based sources (with the remaining 20% wt. from sea-based activities): this is based on a misinterpretation of a hypothesis first put forward in a Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP) document of 1990 regarding pollution -not solid litter -and has been reproduced since extensively, becoming a widely accepted assumption. In fact, to date, there is no sufficient global or regional quantification of the sources and pathways of marine litter on a mass flow basis.
Great uncertainty relates to the decomposition and fragmentation of plastics. There is considerable data on the size of plastic items found in marine environments: micro-plastics prevail. However, there are no globally consistent quantification methodologies, and often data collected refer to number of items, with weight data needed for quantification of mass flows missing. The breaking down of plastics into smaller items (fragmentation) is also poorly understood. In that respect, the behaviour and implications of plant-based polymers (bioplastics) or degradable plastics (compostable, oxo-degradable), should be understood better: are they part of the solution or not? Sinking mechanisms and rates are also underexplored. Additional quantification of the financial losses incurred could complement the evidence for action -but is an ecosystem services approach the best way forward?
Despite complexity -action for solutions needed now
Hence, on a generic level, considerable evidence has been accumulated on the potential harm to be caused by plastics present in marine litter. There is consensus that this evidence suffices to lead to immediate action. Given the complex nature of the challenge, any solutions have to equally derive from a systems and multi-stakeholder approach: (i) involving multiple materials (types of polymers and additives) and products (from fishing nets, plastic carrier bags, sanitary products such as nappies, to hard thermosets in durable goods such as toys); (ii) points of initial entry and transport into the marine environment (direct discharges to sea, rivers, sewerage systems, windblown, littered seashores -global flows in huge oceanic gyros); (iii) various scales of impacts, from aesthetical/amenity loss to wildlife species health damage and entire ecosystem disruption; (iv) and multiple human activities involved in causing the problem, from the innovation of chemical compounds, product design, to modes of retail, consumption and lifestyles, such as littering of fast food packaging, to unsound solid waste disposal methods, e.g. in uncontrolled dumpsites. The latter could emerge as a considerable challenge for non-landlocked lowincome countries because use of plastics is on the increase.
A critical task for the waste and resources community
Littering with used plastic constitutes a vast loss for resource recovery (both material and energy). Plastic litter clearly does not belong to the sea and should be prevented from entering there. The single most important action is to identify the sources and transport routes of used plastics into the sea, for the plastics features (chemical composition, fragmentation/degradation modes, absorption of POPs) and quantities with potential to cause maximum harm. With this information available, we can then devise intervention action plans that will be most effective.
Despite the systemic complexity, the most critical intervention has to come from the waste and resources management sector. In most cases, except for accidents and natural disasters (e.g. tsunami), it is the sound waste and resource recovery practices that can minimize the volume of used plastics entering the sea. It is high time for the waste and resources academics and practitioners to closely collaborate with all other stakeholders and come up with reliable estimates on the key sources and pathways and how to effectively circumvent them.
Industry and/or community efforts have already been taken to reduce the known or suspected negative impacts of plastics in the sea, such as:
• • 'Light-weighting' of containers: reducing the weight of a container (e.g. milk bottles) while still retaining the strength to perform its intended purpose. This helps in both waste reduction programs in general and in efforts to reduce the volume of plastic litter finding its way to sea. • • Moves to eliminate the use of plastic in multiple pack rings: used to bundle for example soda and beer cans, because sea animals could become entangled in same. • • Proliferation of municipal ordinances in the USA to ban the distribution by grocery stores of shopping bags made of plastic film to reduce the production of this material as windblown litter, much of which could end up in the sea either directly or via flushing in storm water drainage systems.
However, it is difficult to assess the evidence base behind such initiatives, and quantify their effectiveness and real contribution towards holistic solutions. Proliferation of sound waste management collection and disposal practices, extended producer responsibility (EPR) that involves manufacturers and retailers and behaviour change focused on individuals who litter are possibly key aspects of any solution -but the details are still missing. At an intermediate stage, innovation will be needed also around the litter generation points: upstream innovation on reducing the inherent risk posed by used plastics in marine environments; and downstream solid waste and resource management systems innovation on collection and value recovery from the existing used plastics in our seas, shores and seabeds.
Marine Litter Action Network -an example
Marine Litter Action Network is an example of current initiatives towards effective policy interventions, co-ordinated by the Marine Conservation Society (MCS), in response to the EC MSFD implementation in the UK. A year's concentrated effort bringing on board major stakeholders who aspire to be key partners towards the solution is about to start. The platform, seeking optimal policy interventions to address the challenge, encompasses multiple stages of the material flow of plastics towards the sea, and related expertise, such as manufacturers (e.g. British Plastics Federation -BPF), retailers (e.g. Marks & Spencer -M&S), the waste and resources management industry (e.g. Chartered Institution of Wastes Management -CIWM) and academia (e.g. University of Leeds, Plymouth University), along with many other major stakeholders. We urge the waste and resources academic community to realise the magnitude of the challenge of used plastics in marine litter and work towards effective and readily implementable solutions. Waste Management & Research welcomes related manuscripts, envisaging being part of the solution of this global and persistent challenge.
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